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ABSTRACT 

A nearly global eet of data on the nitric acid distribution wu obtained for eeven month* by the Limb Infrared 
Monitor of the Stratoephere (LIMS) experiment on the Nimbu. 7 spacecraft. The evaluation of the accuracy 
precision and resolution of these data i. described, and a description of tbe major feature, of the mine acid 
distributions is presented. The zonal mean for nitric acid is distributed in a stratospheric layer that peak, near 
rnb, with the largest mixing ratios occurring in polar regions, especially in winter. 

INTRODUCTION 

Nitric acid was first identified in the stratosphere by Murcray et oi. / l/ t who measured its infrared absorption 
spectrum from a balloon. It has subsequently been measured many time, from balloon. /2/ , aircraft /3/ and more 
recently the shuttle /</. In addition, it has been observed by direct collection on filter, from balloons and aircraft 
/5/. Nitric acid is formed by the three body reaction 

NO] + OH + M -* UNO* + M 


although other processes may be involved during high lslitud. winter conditions. It is destroyed by the reactions 

UNO, + hu -* Oil + NO, 


and 


UNO j + OH -» NO, + 11)0. 


The time scales are several daye /0/, indicating that the distribution will be strongly influenced by atmoe. .si 
motions. 

Tli. only near-global observation, were obtained by the Limb Infrared Monitor or th. Stratosphere (LIMS) which 
new on tbs Nimbu. 7 spacecraft. Because Hies, are in good agreement wrth th. other data, they are the ba .. 
for the nitric acid model proposed I, ere. Th. LIMS was a 6 channel infr.red radiom.t.r that .canned he earth . 
limb, measuring emitted radiance, that could b. inverted to yield profile, of nitric acid I and other quantities. Tl« 
experiment and th. data reduction have been de.crib.d by Gill, and Rum.11 /7/i other di.cussion. are contained in 
Rum.I1 and GiU. /8 / and Gill, ei al. /9/. The feature, of IR limb Manning relevant to the msasursment o UNO, 
include th. long viewing paths, giving maximum sensitivity to small amount, of the gas, high vertical resolution if 
narrow field of view detectors are used, and the ability to obtain measurement, on both the day and night sides of 
the orbit. However, to obtain high signal to noise ratio* with the narrow detectors required that they be cooled. 
The use of a solid cryogen limited the LIMS lifetime to about 7 months. 

Over this period, from 25 October 1978 to 28 May 1979, the instrument operated extremely well. On the average, 
over 1000 profdM wer. derived each day, from GTS to 84*N. These profile, wet. then objectively analyzed using 
the Kalman filter approach suggeated by Rodger. /10/ and described in more detail by Kol.n /ll/. Ibis leads to 
daily estimates of the zonal mean mixing ratio and the coefficients describing 6 waves in longitu e. n y a tno e 
for tbe zonal mean distribution is presented here. 
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ACCURACY AND PRECISION OF THE NITRIC ACID DATA 

Th. characteristic* of the LIMS UNO, data were discussed by Gille tl ai /12/. Tbe vertical range of the data U 
eet by the region of adequate signal to noise ratio, and, at tbe bottom, by the frequent occurrence of cloud*. For 
the HNO* signal, the upper limit occurred at about the 2 mb preaeure level, or around 45 km altitude. Cloud* 
usually impose a lower limit at or above the 100 mb preeeure level in the tropic*. Retrieval* to lower altitude are 
possible at higher latitude*, but with rather .moil signal to noise ratios. In this discussion the lower boundary i* 
taken to be 100 mb. 

The precision of th* profiles, or scan-to-scan repeatability, i* about 0.05-0.1 ppbv in undisturbed regions where 
atmospheric variability does not contribute to the variations. This Intrinsic precision is of the order of 2% up 
to 7 mb, rising to only 5% at 4 mb. When natural atmospheric variability is included, which may incorporate 
real variations on scales smaller than the approximately 100 km inter-scan spacing, a repeatability at almost ail 
latitudes and altitudes or 0.1 ppbv i* found. 

The accuracy i* much more difficult to establish. GiUe tl ai /12/ estimated the error* presented in Table 1. 
These estimates, at least away from the top levels, are thought to be rather conservative. Again, these were checked 
through comparison with 15 balloon-borne measurements from 100 to 10 mb. These differences are also collected in 
Table I. They are approximately the errors associated with the balloon-borne measurements. However, th* LIMS 
result* become increasingly larger than the correlative measurements with altitude, leading the authors* to suggest 
that they were in error. In addition, chemical consistency suggests that the original values are too large /13/. 
Subsequently Bailey and Gille / 14/ have shown that an instrumental correction should be applied that slightly 
reduces the radiances at all altitudes. This has the effect of significantly reducing the HNO^ mixing ratios above 10 
mb, where the signals arc small. Tho results presented here have now been corrected for this effect. These results 
therefore differ at tho upper levels from those presented in Gillo cl ai /16/. 


TADLS 1 LLMS Nitric Acid Errors* 


Pressure Level 

No. of 

Estimated Systematic 

Differences from 

(mb) 

Comparisons 

Errors (%) 

Correlative 




Measurements (%) 

80 
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70 
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-10 ± 24 

60 

14 

41 

4 ± 8 

30 

14 

33 

0 ± 7 

10 

12 

29 

27 ± 11 

7 
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53 ± 11 

5 

C 


00 ± 4 

3 


65 



From Gill* tl ai. f\2f . 


NITRIC ACID DISTRIBUTION 


Vertical profiles of UNO, at 60°S, 32’S, the equator, 32*>N and 60 ’N are shown in Figure 1. At the equator, there 
is little vertical variation. A slight maximum of between 2 and 3 ppbv is located near 20 mb, but the seasonal 
variation is quite small. At 32*S the maximum of about 7 ppbv ii ehifted down to 30 mb. There is a minimum in 
mid-summer with a maximum observed value in May, suggesting an annual variation with largest values in winter. 
Temporal variations are shown in more detail below. A similar variation (shifted by 6 months) is shown at 32^. 

Th# variation is similar but much larger at 60°S. The peak valuee, again at 30 mb, are over 10 ppbv. At 60*N th* 
largest values are in winter, with maxima of nearly 10 ppbv, again at 30 mb. 

In summary, the tropics are characterised by low mixing ratios, and have a small seasonal variation. At higher 
latitudes the mixing ratios are larger, and have an annual variation characterised by a fall-winter maximum. There 
is very little variation in the pressure of the peak values, which increases from 20 mb m the tropics to 30 mb et 
high latitudee. 
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Figure 1. Vertical profiles of monthly average zonal mean HNO 3 mixing ratios at five 
latitudes for October ( ), January ( ), April ( ), and May ( ). 


Monthly Average Zonal Mean C roea-Sectiona 

At every location there are ahort-term variations, associated with dynamical efTecta, as well as .eaeonal change. 
Even after talcing the zonal mean, there are short period temporal variations. However, over a month the standard 
deviation of these variation, are usually small. Figure 2, Tor January (1070) .how. that the standard deviation^ 
the daily values is less than 6% except at upper levels in the winter hemisphere, where it csn be over 30%. (The 
increased value, at the tropical tropopau.e are due in part to incomplete removal of cloud contaminated profile., 
and in part to the difficulty of accurately following the sharp radiance decrease above clouds, in conjunction with the 
low mixing ratio. there.) In contrast, in April (Figure J) the standard devUyion is less than 5% almost everywhere, 
and never greater than 15%. The standard deviation of the monthly averaged zonal means (these values divided by 
v/N, where N is the number of days with data in the month) are therefore leas than 1%, except for the high upper 
pol^r winter etratoapi.ere, where they are still only 6%, so the random uncertainties associated with the following 
mean cross-sections are rather small. These standard deviations are tabulated in Table 2. 

The monthly average zonal mean nitric acid distributions for October through May are presented in Figure. 4-11, 
and in tabular form in Table 3. The general features of the nitric acid distribution are illustrated by the October 
data (Figure 4). There is a broad saddle in the tropics, centered near 20 mb, and characterized by values of 2-3 ppbv. 
Mixing ratios decrease slowly above and below this level, indicating profiles characterized by low and relatively 
constant values. Maximum values increase toward both poles, with the altitude of the maximum decreasing to Uie 
30 mb level at high lalitudca. In the Northern Hemisphere (Nil), the maximum of 3 ppbv at 20 mb for 10 N 
progresses to «. maximum or 12 ppbv at 30 mb tor B4*N. Tl.s latitudinal variations are similar in the Southern 
Hemisphere (SIl) as far as they can be seen. Note also that the isolines are relatively flat on the upper side of the 
layer, but have fairly steep slopes on the lower side. Finally, there is an indication of slightly higher values at high 
northern latitudes and high altitudes. 

There is a regular progression in the monthly mean values. In November (Figure 5), the northern polar maximum 
has increased to its maximum value, while the maximum at 64*S has decreased. By December (Figure 6), the 
northern maximum has dropped back to less than 11 ppbv, while the southern maximum has fallen further. 




Ld t i tude I deg ) 


Figure 2. Cross section of the standard deviation of the daily HNO3 mixing ratios from the 
monthly average, as a percent of the average value, for January. Contour interval is 5 %. 



La t i tude ( deg ) 


Figure 3. Same as Figure 2, but for April. 
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Um^ry'. distribution (Figure 7) i. much like December'., but with eom. increase m the winter polar upper 
etratoephere. Thi. latter feature i. largely gone in February (Figure 8), and the NH high latitude maximum he. 
decreased below 10 ppbv, while that in the SH ha. increased. Tb». s»asonal change, continue in March (Figure 
9) and April (Figure 10), until by May (Figure 11) the NH maximum is only .lightly above 7 ppbv, while the SH 
mux at 04°S U over 11 ppbv. In addition, there Iim been an increaae in the SH (wmter) polar upper etratoephere. 

A comparison of November and May, the two nearly complete month, that are 6 month, apart, indicate, little 
change in the tropica. However, they .how a 7 ppbv contour in the S11 in November that .. not present at 64 N in 
May. Similarly, in May the mixing ratio, near 00'S are large, than H.O.. near CO'N ... November. It .. dear that 
the SH maxima and minima have larger mixing ratio, than tl.o.e in the NH. indicating an asymmetry between the 
hemisphere, in nitrogen compounds. Thin ha. also been .een in NO,, and ..lunate, of the total odd ni rogen. 



Figure 7. As Figure 4, but for January. 
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Figure 1 1. As Figure 4, but for May (first 28 days). 


Temporal Variat ion! 
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Figure 14. Time-height cross section of HNO 3 at 60°S. Contour interval is 1 ppbv. 


CONCLUSIONS 

The value* of UNO, mixing ratio above 10 mb presented here have been corrected for an instrumental effect. The 
vertical mixing ratio profile* ahow a layered diatribution, with the peak near 20 mb and low value* in the tropica, 
where there i. a .mall .emi- annuel variation. Poleward or 30* latitude the peak i* at 30 mb and there i. an annual 
variation, with maxima during late fail or winter and minima during aummer. Croae-aections of monthly averaged 
ronal mean* emphasiie the atrong poleward gradient*, and indicate a hemiapheric aaymmetry. In addition, there 
are slightly higher value* at the upper level* near the winter pole. 
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